Introduction
The molecules containing transition metal are species of chemical and astrophysical importance. Scandium is the first transition metal atom which has only one d-electron in the ground state. Diatomic molecules like ScS are simple transition metal-containing systems in which d-electrons take part in bonding and provide ideal models for understanding the electronic structure and reactivity (chemiluminescent reactions).
To the best of our knowledge, the experimental work for the ScSmolecule is that of Gengler et al. [1] - [3] . They studied the A 2 Π-X 2 Σ + and B 2 Π-X 2 Σ + band system of scandium monosulfide, ScS, using Fourier transform emission spectroscopy (FT) and laser excitation spectroscopy (LIF). The only theoretical work for ScS in literature is that of Bauschlicher and Langhoff [4] for the ground X 2 Σ + and (1) 2 Π states using ab initio method. In the present work, ab initio investigations of the lowest lying electronic states of the ScS molecule have been performed via CAS-SCF/MRCI (Complete Active Space Self Consistent Field, Multireference Configuration Interaction) method. Multireference CI calculations (single and double excitations without Davidson corrections) in which the entire CAS-SCF configuration space is used as the reference, are performed to account the correlation effects. The potential energy curves (PECs), the transition dipole moment curves (TDMCs) together with the energy minimum for the ground state T e , the equilibrium internuclear distance R e , the harmonic frequency ω e and the rotational constant B e have been obtained for the 10 lowest-lying electronic states. Six electronic states have been investigated in the present work for the first time.
Method of Calculations
In the present work, ab initio investigations of the lowest-lying electronic states of the ScS molecule have been performed via CASSCF method. Multireference CI calculations (single and double excitations without Davidson corrections) were performed to determine the correlation effects. The entire CASSCF configuration space was used as a reference in the MRCI calculation which have been performed via the computational chemistry program MOLPRO [5] . The scandium species is treated in an all electron scheme [6] [7] , the 21 electrons of the scandium atom are considered using the contracted Gaussian basis set used by Bauschlicher and Langhoff [4] for s, d, and f functions then we have taken p function from 6 -31 G** basis set [5] which has 16 diffused functions contracted set of Gaussian functions. The sulfur species is treated as a system with 16 inner electrons taken into account the pseudopotential W ps [8] - [10] together with the corresponding Gaussian basis set. In the range of the internuclear distance R e around equilibrium distances of its ground state, the ScS molecule is assumed to be mainly ionic as many transition-metals Sc + S − . The potential energy calculations for the states 2s+1 Λ (+/−) of the molecule ScS have been carried using a CASSCF method. Among the 37 electrons explicitly considered for ScS (21 electrons for Sc and 16 for S) 27 inner electrons were frozen in subsequent calculations so that 10 valence electrons were explicitly treated. The active space contains 4σ (Sc: 4s, 3d 0 ), 1π (3d ±1 ) and 1δ (Sc: 3d ±2 ), this corresponds to 6 active molecular orbitals orbitals in the C 2v symmetry distributed into irreducible representation in the following way: 3a 1 , 1b 1 , 1b 2 , 1a 2 , noted [3111] . The doubly occupied orbitals 2σ (S: 5s, 5p 0 ), and 1π (S: 5p ±1 ) of sulfur have been considered as inactive in the CASSCF calculations. Correlation effects for the ten valence electrons have been taken into account through multireference calculations MRCI (single and double excitations without Davidson correction) where the entire CASSCF configuration space has been used as reference. Calculations have been performed via the computational program MOLPRO [5] taking advantage of the graphical user interface GABEDIT [11] .
Results and Discussion
Calculations have been performed for 51 internuclear distances in the range 2.00 Å -3.02 Å for 10 states in therepresentation 2s+1 Λ (+/−) . The potential energy curves (PECs) for the states Ф in the considered range of Rare drawn respectively in Figure 1, Figure 2 . For each state, transition energies with respect to the minimum energy of the ground state T e , equilibrium internuclear distance R e , harmonic frequency ω e and the rotational constant B e have been calculated. These constants are displayed in Table 2 . The absence of the comparison with other results is because of the calculation of these values here for the first time. Then, using the canonical functions approach, the eigenvalues E v , the rotational constants B v and the centrifugal distortion constants D v are calculated for different vibrational levels v for the seven molecular states of ScS ( (1) 2 Π, (2) 2 Σ, (1) (1 
Conclusion
In the present work, the ab initio investigation for 10 low-lying electronic states of the ScS molecule has been performed via CASSCF/MRCI method. The potential energy and the dipole moment curves have been determined along with the spectroscopic constants T e , R e , ω e and the rotational constant B e for these states. The comparison of our results with those obtained theoretically in literature showed a good accuracy. By using the canonical functions approach [12] - [19] , the eigenvalue E v , the rotational constant B v , the centrifugal distortion constants D v , and the abscissas of the turning points R min and R max were calculated up to the vibrational level v = 10. Six electronic states have been investigated in the present work for the first time.
